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SEATBELT USAGE DETECTION SYSTEM 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

This patent application is a continuation of US. patent 
application Ser. No. 10/282,514 ?led on Oct. 29, 2002 now 
US. Pat. No. 7,005,976, Which claims the bene?t of US. 
Provisional Patent Application No. 60/340,037 ?led Oct. 30, 
2001. 

FIELD OF THE INVENTION 

This invention relates generally to a seatbelt assembly and, 
more particularly, to a detection system for con?rming that a 
driver properly fastens and uses the seatbelt. 

BACKGROUND OF THE INVENTION 

Seatbelts have been Widely used in the United States since 
the 1960’s. Their usefulness in protecting lives has been 
demonstrated many times over. HoWever, many individuals 
still refuse to use seatbelts, leading to many injuries and 
fatalities that could otherWise be avoided. This failure to use 
seatbelts is exacerbated in the operation of industrial equip 
ment such as vehicles used in commercial enterprises, facto 
ries, construction sites and mines. As Will be appreciated, 
accidents involving such vehicles are potentially more dan 
gerous then those involving passenger vehicles. 

To help avoid potentially serious injuries as Well as stiff 
penalties for violations of Workplace safety regulations, e.g., 
Mine Safety and Health Administration (MSHA); Occupa 
tional Safety and Health Administration (OSHA); etc., 
employers often take actions to ensure that their employees 
utiliZe seatbelts While operating motoriZed vehicles. Several 
methods for ensuring that seatbelts are correctly used have 
been tried or proposed. These include ?ning employees Who 
are discovered operating a vehicle While not using a seatbelt 
and utiliZing various devices that prevent a vehicle from start 
ing or moving unless the seatbelt is latched. HoWever, impos 
ing ?nes still requires some method of determining Whether 
an operator has properly fastened the vehicle’s seatbelt. Fur 
thermore, an operator can easily defeat the seatbelt interlocks 
by pulling out the seatbelt, fastening it, and sitting upon it. 
Therefore, a need exists for a system Which determines not 
just Whether a vehicle’s seatbelt is buckled, but that the seat 
belt is fastened in the correct and intended manner. 

BRIEF SUMMARY OF THE INVENTION 

The present invention provides a system for detecting 
proper usage of a seatbelt in a vehicle by an operator of the 
vehicle. The seatbelt usage detection system includes a ?rst 
communication device arranged on the seatbelt and a second 
communication device. One of the ?rst and second commu 
nication devices is a transmitter and the other of the ?rst and 
second communication devices is a receiver. The receiver and 
transmitter are capable of establishing a communication link 
With each other. The second communication device is 
arranged in the vehicle so as to be able to establish a commu 
nication link With the ?rst communication device of a prede 
termined signal strength upon proper fastening of the seatbelt 
around the body of an operator. The system also includes a 
processing unit for monitoring the signal strength of the com 
munication link betWeen the ?rst and second communication 
devices and for providing a signal that the seatbelt is unfas 
tened When the signal strength is less than the predetermined 
signal strength. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of an exemplary seatbelt 
detection system in accordance With the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention comprises a highly reliable and 
accurate system for con?rming that the seatbelt of a vehicle is 
correctly fastened around the operator. To this end, the system 
includes a mechanism that detects the position of the seatbelt 
relative to both the vehicle steering mechanism and the 
vehicle operator and con?rms that the seatbelt’s position 
appropriately secures the operator as intended. The monitor 
ing of the seatbelt position and con?rmation that the seatbelt 
is properly fastened is performed not only When the vehicle is 
?rst started up, but also on a periodic or continuous basis 
thereafter to ensure that the operator does not subsequently 
remove the seatbelt. Moreover, since the present invention 
monitors the actual position of the seatbelt relative to both the 
operator and the steering Wheel or steering mechanism of the 
vehicle as opposed to simply monitoring Whether the seatbelt 
is latched, an operator cannot defeat the system by sitting on 
top of a latched seatbelt. As described in greater detail beloW, 
con?rmation of proper use of the seatbelt can include addi 
tional features, Which can make the system virtually impos 
sible to defeat. Optionally, the system of the present invention 
can also include one or more interlock mechanisms that carry 

out appropriate actions When the seatbelt is not properly 
fastened in use around the operator thus encouraging the 
operator to correctly fasten and use the seatbelt. Thus, the 
present invention provides a seatbelt usage detection system 
Which can virtually guarantee that a vehicle operator has 
properly fastened and is using the seatbelt around his body. 

In the embodiment illustrated in FIG. 1, the system 
includes communication devices that are arranged such that 
they are capable of communicating through a Wireless con 
nection or link (e. g., via an IR or RF electromagnetic link) or 
a connection of a given electromagnetic signal strength only 
When the seatbelt is correctly fastened and in use around the 
operator. In the illustrated embodiment, the communication 
betWeen the devices is via a Wireless electromagnetic link in 
Which the devices can comprise a signaling device such as a 
transmitter 10 or transceiver, Which can be Wireless, and a 
receiving device such as an antenna 12 or transceiver. For 
example, one electromagnetic communication device can be 
a?ixed to the seatbelt and the other electromagnetic commu 
nication device can be located in a position substantially in 
front of the operator such as on or embedded in the steering 
Wheel, steering mechanism or steering column. The electro 
magnetic communication devices can be selected such that 
they have a limited communication range (e.g., approxi 
mately 3-15 inches, plus or minus) such that for a transmis 
sion by the signaling device 10 to be successfully received by 
the receiving device 12, the seatbelt and its corresponding 
electromagnetic communication device must be positioned in 
front of the operator as consistent With the seatbelt’s appro 
priate use. If the seatbelt is positioned behind the operator, as 
Would occur if the seatbelt is unfastened or if the operator sits 
upon a fastened belt, the communication betWeen the elec 
tromagnetic receiving and signaling devices 12, 10 Would be 
either outside the communication range of the devices or 
substantially blocked by the body of the operator. Thus, by 
monitoring via a processing unit 14 such as an integrated 
circuit or other similar device Whether the receiving device 12 
is receiving the signal from the signaling device 10 or the 
strength of the signal received, the detection system can 
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detect Whether the operator has correctly fastened and is using 
the seatbelt. Of course, it Will be appreciated that all that is 
necessary are devices Which are capable of establishing a 
Wireless communication link and as such signaling devices 
other than transmitters and receiving devices other than 
antennas can be used. 

In order to help prevent subversion of the system, the 
system can be con?gured With a plurality of electromagnetic 
communication devices such as transmitters 10 (e.g., three in 
the illustrated embodiment) on or encapsulated in the steering 
Wheel or steering mechanism and a electromagnetic commu 
nication device such as the antenna 12 can be a?ixed to the 
seatbelt by interWeaving an antenna Wire into the seatbelt 
fabric. In this embodiment, the transmitters 10 are arranged 
around the circumference of the steering Wheel such that 
When the steering Wheel is in various rotary positions only 
one of the transmitters 10 is typically Within range of the 
antenna 12 in the seatbelt. Rotating the steering Wheel there 
fore causes different transmitters 10 to interact With the 
antenna 12. By con?guring the transmitters 10 so that they 
each emit a distinct signal, the processing unit 14 of the 
detection system can determine the direction of rotation of the 
steering Wheel by comparing the sequence of signals received 
by the antenna 12 With the knoWn signal sequences indicating 
left or right turns of the steering Wheel. In this embodiment, a 
second mechanism for detecting turning of the vehicle such as 
an acceleration sensor 16 (e. g., an accelerometer) can be tied 
into the seatbelt detection system. In particular, the accelera 
tion sensor 16 detects the left or right acceleration typically 
associated With turning of the vehicle. Each time the accel 
eration sensor 16 detects a left or right turn of the vehicle, the 
processing unit 14 can con?rm Whether the sequence of sig 
nals received by the antenna 12 also indicates a rotation of the 
steering Wheel to either the right or left. If a con?rmation of 
the correct left or right turn is not provided by the signals 
received by the antenna 12, the processing unit 14 can provide 
an indication or a signal that the detection system is not 
operating correctly or has been tampered With. 

Thus, using this particular con?guration for the seatbelt 
usage detection system can help prevent the operator of the 
vehicle from defeating the system by attaching decoy trans 
mitters (e.g., transmitters 10) to the seatbelt since such an 
arrangement Would provide a continuous reading of the decoy 
transmitter that Would not change upon turning of the vehicle. 
Additionally, this con?guration Would prevent an operator 
from simply arranging the seatbelt along side the steering 
Wheel so that the antenna 12 is Within the range of the trans 
mitters 10 Without the seatbelt actually being fastened since 
proper clocking of the transmitters on the steering Wheel 
Would mean that in a straight ahead vehicle operation condi 
tion the Wrong transmitter Would be continuously read and 
depending on hoW the seatbelt Was positioned the proper 
sequence of transmitter readings Would not be provided upon 
turning the vehicle. 

Alternatively, the acceleration sensor can be eliminated 
and the processing unit 14 can be adapted to compare the 
rotation of the steering Wheel measured by interaction 
betWeen the antenna 12 and transmitters 10 With a predeter 
mined estimate of steering Wheel rotation of a like vehicle 
under similar circumstances. Where readings from the 
antenna and transmitters indicate that the operator has not 
rotated the steering Wheel for an unusually long period of 
time, the system can provide a default or tamper signal. 

With embodiments of the invention employing the antenna 
12 in the seatbelt and one or more transmitters 10 in the 
steering Wheel, the connection betWeen the antenna 12 and 
processing unit 14 can occur across the seatbelt’s latch and 
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4 
buckle, Which thus acts as a sWitch Within the antennai 
processing unit circuit. Alternatively, if the antenna circuit is 
not made through the seatbelt buckle, the system can include 
a separate seatbelt buckle interlock 17 Which provides a sig 
nal When the seatbelt is not buckled. This con?guration helps 
prevent tampering by use of decoy-transmitters or deceptive 
positioning of the seatbelt as the unfastened status of the 
seatbelt buckle interlock 17 breaks a circuit and thus alerts the 
processing unit 14 regardless of any misleading interaction 
betWeen the transmitters 10 and the antenna 12. 

Furthermore, the processing unit 14 may be con?gured to 
periodically or continuously measure the electrical resistance 
of the antenna 12 in order to determine Whether a decoy 
antenna routed in front of the steering Wheel has been con 
nected to the seatbelt antenna 12 in order to defeat the system. 
In this con?guration, the resistance measurements of the 
antenna 12 are compared With prior measurements or a pre 
determined correct antenna resistance to verify that the 
antenna 12 has not been tampered With. 
An alternative embodiment of the invention involves a?ix 

ing the transmitter 10 to the seatbelt and the antenna 12 to the 
steering Wheel. With this embodiment, monitoring of the 
steering Wheel’s motion may be accomplished by arranging 
the tWo devices such that the antenna 12 moves farther aWay 
from the transmitter 10 When the steering Wheel is rotated, 
thus decreasing the strength of the signal received by the 
antenna 12.As discussed above, con?rmation that the seatbelt 
is properly positioned can be accomplished by comparing a 
turn indication from the acceleration sensor 1 6 With the signal 
?uctuations received by the antenna 12. If the processing unit 
14 has not measured signal ?uctuations indicative of turning 
of the steering Wheel rotation, then the system can provide a 
default or tamper signal. 

Instead of the combination of one or more transmitters and 
an antenna, in another embodiment of the invention, the seat 
belt detection system employs a scanning device and a target 
or mark that is arranged so that it can be read by the scanning 
device only When the seatbelt is correctly fastened around the 
operator. For instance, a bar-code or other code reader can be 
a?ixed to the dashboard or steering Wheel to monitor an 
appropriate bar code or other machine readable code mark 
a?ixed to the seatbelt: The mark Would be arranged on the 
seatbelt such that it is only Within range of the scanning 
device When the seatbelt is correctly fastened around the 
operator. 
A further alternative embodiment of the invention that 

might Work in some situations involves employing a strain or 
tension sensor to measure force ?uctuations imposed on the 
seatbelt retractor rollup shafts over time due to the shifting 
and jostling of the driver during operation. In order to deter 
mine Whether the seatbelt is correctly fastened around the 
operator, the processing unit can be adapted to compare the 
monitor’ s measurements With predetermined values typically 
consistent With the vehicle’s operation. Where the seatbelt is 
not fastened or fastened incorrectly, such as behind the opera 
tor, the sensor Would detect less strain and/or no changes in 
strain on the retractor shaft. 
Once the seatbelt detection system determines that the 

seatbelt is positioned incorrectly around the operator, the 
system could be con?gured to initiate one or more interlock 
mechanisms 18 to encourage the operator of the vehicle to 
fasten and use the seatbelt correctly. The invention can be 
con?gured With any number of speci?c mechanisms to 
accomplish this. For example, the processing unit 14 can be 
adapted to signal an interlock mechanism 18 Which inhibits or 
prevents operation of the vehicle When the seatbelt is deter 
mined to be unfastened or fastened incorrectly. The interlock 
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mechanism 18 may take the form of a speed governor 20 that 
prevents the engine from operating above idle in order to 
restrict the vehicle to a safe speed. Alternatively, an ignition 
lock or transmission lock 22 can be employed to prevent the 
vehicle from either being started or being moved until the 
seatbelt is fastened correctly. 

To preclude potential safety issues, the interlock mecha 
nism 18 could include an emergency override feature that 
could override the effects of any interlocks for a pre-deter 
mined time frame, long enough to remedy an emergency. In 
order to prevent continuous use of the override feature in such 
a manner that subverts the purpose of the invention, the over 
ride option can be con?gured to reset only upon shutting 
doWn and restarting the vehicle. 

Another interlock mechanism 18 that could be used is a 
device Which communicates a signal to a remote monitoring 
station 24 When the detection system determines that the 
seatbelt is not fastened properly. For example, an additional 
electromagnetic transmitter or transceiver can be actuated by 
the processing unit 14 When it is determined that the seatbelt 
is not properly fastened. The actuation of the transmitter or 
transceiver produces a Wireless signal that can be received at 
the remote monitoring station 24. An individual at the remote 
monitoring location may then contact the operator or, if so 
con?gured, disable the vehicle by a remote override control. 
Alternatively or additionally, an interlock mechanism 18 con 
sisting of a Warning lamp 26 on the external surface of the 
vehicle that may be observed by non-occupants and/or a 
similarly functioning external Warning buZZer can be incor 
porated into the seatbelt usage detection system of the present 
invention. 

Additionally, an interlock mechanism 18 consisting of 
various internal Warning devices can also be used. For 
example, an internal Warning lamp 28 located on the dash 
board or elseWhere could indicate that the seatbelt is not 
properly fastened. The location and brightness of the lamp 
can be varied across a range from providing a subtle Warning 
to a Warning causing proper fastening of the seatbelt due to 
the lamp ’ s unpleasant effects. Alternatively, an internal Wam 
ing buZZer could be employed in the same manner. 

To further prevent tampering With the system, a real-time 
clock 30 can be incorporated into the processing unit 14 or 
interlock mechanism 18. The real-time clock 30 Would record 
any abnormalities With the system such as a poWer loss in the 
system that could be indicative of tampering With the system. 
To ensure that the seatbelt usage detection system is operating 
properly, the processing unit 14 also can be adapted to per 
form periodic test routines. The testing routines may occur 
When the vehicle is ?rst started and at subsequent times 
throughout vehicle operation. The testing routine indicators 
can be combined With the Warning devices 20-28 mentioned 
above to indicate that the system may have been tampered 
With and that repair may be required. 
Some Society of Automotive Engineer (SAE) standards 

that may be relevant to the present invention include (and 
Which are incorporated herein by reference): 
SAE 1128 November 1994 “(R) Occupant Restraint Sys 

tem EvaluationiPassenger Cars and Light-Duty Trucks” 
SAE 1138 “Film Analysis Guides for Dynamic Studies of 

Test Subjects” 
SAE 1140 June 1995 “(R) Seat Belt HardWare Test Proce 

dures” 
SAE 1141 June 1995 “(R) Seat Belt HardWare Perfor 

mance Requirements” 
SAE 1339 June 1994 “(R) Seat Belt HardWare Webbing 

Abrasion Test Procedure” 
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6 
SAE 13 83 June 1995 “(R) MotorVehicle Seat Belt Anchor 

ages-Design Recommendations” 
SAE 13 84 June 1994 “(R) MotorVehicle Seat Belt Anchor 

agesiTest Procedure” 
SAE 1385 March 1995“Motor Vehicle Seat Belt Anchor 

agesiPerformance Requirements” 
SAE 1386 April 1980 “Seat Belts for Construction 

Machines” 
SAE 1782b Motor Vehicle Seating Manual 
SAE 1800 June 1994 “(R) Motor Vehicle Seat Belt Assem 

bly Installation” 
SAE 1826 July 1995 “(R) Devices for Use in De?ning and 

Measuring Vehicle Seating Accommodation” 
SAE 1833 January 1980 “USA Human Physical Dimen 

sions” 
SAE 1879b Motor Vehicle Seating Systems 
SAE 1898 April 1980 “Control Locations for Construction 

and Industrial Equipment Design” 
SAE 1899 October 1980 “Operator’s Seat Dimensions of 

Off-Road Self-Propelled Work Machines” 
SAE 11368 October 1997 “Child RestraintAnchorages and 

Attachment Hardware” 
SAE11369 October 1997 “Anchorage Provisions for 

Installation of Child Restraint Tether Straps in Rear Seating 
Positions 
SAE 11460-1 October 1995 “(R) Human Mechanical 

Impact Response Characteristics-Dynamic Response of the 
Human Abdomen” 
SAE 11516 March 1990 “Accommodation Tool Reference 

Point” 
SAE 11517 March 1990 “Driver Selected Seat Position” 
SAE 11522 March 1990 “Truck Driver Stomach Position” 
SAE 11538 April 1995 “(R) Glossary of Automotive In?at 

able Restraint Systems” 
SAE 11630 March 1995 “Driver or PassengerAirbag Mod 

ule Deployment Test Procedure” 
SAE 11794 December 1996 “SAE Restraint Systems 

Ef?uent Test Procedure” 
SAE 11819 November 1994 “(R) Securing Child Restraint 

Systems in Motor Vehicles” 
SAE 11834 June 1991 “Seat Belt Comfort, Fit and Conve 

nience” 
SAE 12074 June 1993 “The Air Bag Systems in Your Car 

‘What the Public Needs to KnoW’” 
SAE 12189 March 1993 “Guidelines for Evaluating Child 

Restraint System Interactions With Deploying Airbags” 
SAE 12431 October 1997 “The Effects of Front-Mounted 

Accessories on Air Bag Sensors and CrashWorthiness” 
Additional relevant information can be found at the 

National Transportation Safety Board Website WWW.ntsb. gov 
and the National HighWay Traf?c Safety Administration 
Website WWW.nhtsa.dot.gov. 

All references, including publications, patent applications, 
and patents, cited herein are hereby incorporated by reference 
to the same extent as if each reference Were individually and 
speci?cally indicated to be incorporated by reference and 
Were set forth in its entirety herein. 

The use of the terms “a” and “an” and “the” and similar 
referents in the context of describing the invention (especially 
in the context of the folloWing claims) are to be construed to 
cover both the singular and the plural, unless otherWise indi 
cated herein or clearly contradicted by context. Recitation of 
ranges of values herein are merely intended to serve as a 
shorthand method of referring individually to each separate 
value falling Within the range, unless otherWise indicated 
herein, and each separate value is incorporated into the speci 
?cation as if it Were individually recited herein. All methods 
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described herein can be performed in any suitable order 
unless otherwise indicated herein or otherWise clearly con 
tradicted by context. The use of any and all examples, or 
exemplary language (e.g., “such as”) provided herein, is 
intended merely to better illuminate the invention and does 
not pose a limitation on the scope of the invention unless 
otherWise claimed. No language in the speci?cation shouldbe 
construed as indicating any non-claimed element as essential 
to the practice of the invention. 

Preferred embodiments of this invention are described 
herein, including the best mode knoWn to the inventors for 
carrying out the invention. Of course, variations of those 
preferred embodiments Will become apparent to those of 
ordinary skill in the art upon reading the foregoing descrip 
tion. The inventors expect skilled artisans to employ such 
variations as appropriate, and the inventors intend for the 
invention to be practiced otherWise than as speci?cally 
described herein. Accordingly, this invention includes all 
modi?cations and equivalents of the subject matter recited in 
the claims appended hereto as permitted by applicable laW. 
Moreover, any combination of the above-described elements 
in all possible variations thereof is encompassed by the inven 
tion unless otherWise indicated herein or otherWise clearly 
contradicted by context. 

What is claimed is: 
1. A system for detecting an operator Wearing a seatbelt in 

a vehicle, the system comprising: 
?rst and second devices on the seatbelt and another part of 

the vehicle, respectively, that cooperate to establish a 
link When the tWo devices are brought into proximity of 
one another; 

a third device for providing an operating condition of the 
vehicle; and 

electronics responsive to the link and the operating condi 
tion for detecting inconsistencies betWeen the link and 
the operating condition. 

2. The system of claim 1 Wherein the third device is a sensor 
for detecting When the vehicle is turning. 

3. The system of claim 2 Wherein the third device is an 
accelerometer. 

4. The system of claim 1 further including a seatbelt buckle 
interlock that signals the electronics When a latch on the 
seatbelt is engaged With a seatbelt buckle. 

5. The system of claim 1 Wherein one of the ?rst and second 
devices is a receiver and the other of the ?rst and second 
devices is a transmitter. 

6. The system of claim 1 Wherein one of the ?rst and second 
devices comprises a scanning device and the other of the ?rst 
and second devices comprises a mark readable by the scan 
ning device. 

7. The system of claim 1 Wherein the third device is a turn 
sensor. 

8. The system of claim 4 Wherein the electronics include an 
interlock mechanism responsive to detection by the seatbelt 
buckle interlock that the seatbelt is unbuckled. 

9. The system of claim 8 Wherein the interlock mechanism 
includes a speed governor limiting a speed of the vehicle. 
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10. The system of claim 8 Wherein the interlock mecha 

nism includes an ignition lock preventing the vehicle from 
starting. 

11. The system of claim 8 Wherein the interlock mecha 
nism includes a transmitter for signaling a remote station. 

12. The system of claim 8 Wherein the interlock mecha 
nism includes a Warning lamp. 

13. A method for detecting When an operator of a vehicle is 
Wearing a seatbelt, the method comprising: 

monitoring a Wireless link betWeen the seatbelt and another 
part of the vehicle; 

monitoring an operating condition of the vehicle; 
detecting inconsistencies betWeen the link and the operat 

ing condition; and 
providing a message that the seatbelt is not being Worn 

properly. 
14. The method of claim 13 Wherein detecting inconsisten 

cies includes detecting variations in the link inconsistent With 
the monitored operating condition. 

15. The method of claim 13 Wherein the Wireless link is an 
electromagnetic link. 

16. The method of claim 13 including preventing normal 
operation of the vehicle in response to the message. 

17. The method of claims 13 including transmitting the 
message to a remote location. 

18. The system of claim 1 Wherein one or more character 
istics of the link vary during normal operation of the vehicle 
and the operating condition provided by the third device also 
varies during normal operation of the vehicle such that incon 
sistencies in the variations of the one or more characteristics 
of the link and the operating condition are detected by the 
electronics as an indication the operator of the vehicle is not 
properly Wearing the seatbelt. 

19. A system for detecting an operator properly Wearing a 
seatbelt in a vehicle, the system comprising: 

a Wireless link betWeen the seatbelt and another part of the 
vehicle that is established When the operator is properly 
Wearing the seatbelt; 

a device for providing a signal When the seatbelt is fastened 
properly; and 

electronics responsive to the link and the signal for detect 
ing inconsistencies among statuses of the link, the signal 
and an operating condition of the vehicle. 

20. The system of claim 19 Wherein the device is a seatbelt 
buckle interlock that signals When a latch on the seatbelt is 
engaged With a seatbelt buckle. 

21. The system of claim 19 Wherein the operating condition 
and one or more characteristics of the link vary during normal 
operation of the vehicle such that inconsistencies in the varia 
tions are detected by the electronics as an indication the 
operator of the vehicle is not properly Wearing the seatbelt. 

22. The system of claim 1 Wherein the link is indicative of 
the seatbelt being properly Worn by the operator. 

23. The method of claim 13 Wherein the operating condi 
tion of the vehicle varies in time under normal movement of 
the vehicle. 


